BACKGROUND. This study evaluated the effects of severe undernutrition during adolescence and subsequent colon carcinoma risk.
C olon carcinoma is the fourth most common cancer worldwide.
The incidence pattern is similar for men and women. 1 In The Netherlands, the colon carcinoma incidence is approximately 50 per 100,000 among women and 60 per 100,000 among men. 2 The hypothesis that nutritional habits in childhood or adolescence (particularly caloric intake) may be associated with increased colon carcinoma risk -possibly mediated by hormone levels, body size, or other components of energy balance -has attracted increased attention in recent years. Although animal models suggest that caloric restriction signif-icantly reduces colon tumor risk, [3] [4] [5] [6] [7] [8] the results from epidemiologic studies in humans are conflicting. 9, 10 Adult anthropometric measures (height, body mass index [BMI] , and sitting height) often are used as a proxy to evaluate nutritional status during childhood and adolescence. Albanes et al. 11 demonstrated in their study of adult stature and colon carcinoma risk a stronger inverse association with the leg length component of stature than with sitting height. This finding agrees with early lifetime exposure hypotheses, because leg length is more sensitive to environmental influences during early life and adolescence than is sitting height. 12, 13 To investigate early dietary exposures in relation to subsequent cancer risk, proxy measures are generally needed, as no individual data are available on diet early in life. In The Netherlands, a substantial part of the population experienced a severe famine during World War II, the so-called "hunger" winter (1944 -1945) , especially in the western part of the country. This unique setting provided the opportunity to study the effects of severe undernutrition during adolescence on the risk of colon carcinoma later in life. 14 -16 In addition, a period of chronically impaired nutrition existed in The Netherlands during the earlier years of World War II (1940 -1944) and during the economic depression in the 1930s. As a consequence of the poor availability of food products in the cities, nutritional differences developed between cities and rural areas during the war years. 17, 18 Food was in greater supply in the rural areas. Also, the ratio between the dietary nutrients was different for cities and rural areas. In the cities, carbohydrates contributed more to the total amount of energy (70 energy%) compared with the rural areas (65 energy%). The contribution of fat was also less in the cities compared with the rural areas (10 energy% vs. 15 energy%).
During the economic depression, the unemployment rate was high. Several surveys showed that unemployed families had little variation in their food pattern and their energy intake was lower compared with the energy intake of employed families. 19 -21 The total amount of energy available for unemployed families compared with employed families was 3000 versus 3400 calories. 22 The daily menu of the unemployed familes consisted of boiled potatoes and some fat. In addition, the bread meals underwent changes, no longer including cheese, meat, and confectionary. The energy restriction during the economic depression, the war years, and the hunger winter is the subject of investigation in this study.
We evaluated the association between diet in adolescence and colon carcinoma risk in The Netherlands Cohort Study (NLCS) regarding diet and cancer.
Men and women who experienced puberty during the economic depression, World War II, and the hunger winter were included in this prospective cohort study. We focused on the interaction with the age at which dietary restriction took place, particularly for men and women who were undergoing their adolescent growth spurt during this time. Our hypothesis is that energy restriction during childhood and adolescence will show a protective effect on colon carcinoma risk later in life.
MATERIALS AND METHODS
In September 1986, the NLCS was begun to investigate various lifestyle variables, dietary habits, and potential confounders of colon carcinoma. Also included were questions regarding the residences of the cohort members during their entire life, including the residence in the war years, the residence in the winter of 1944 -1945, and father's employment status during the economic depression. A detailed description of the cohort study design has been reported elsewhere. 23 Briefly, the cohort included 62,573 women and 58,279 men who were 55-69 years old at the beginning of the study. The study population originated from 204 municipal population registries throughout the country. Baseline exposure data were collected by self-administered questionnaires. After the baseline exposure measurement, a subcohort was randomly sampled from the cohort and followed up biennially for vital status information. Incident cancer cases occurring in the entire cohort were identified by record linkage to cancer registries and a national pathology register. The method of record linkage has been described previously. 24 The collected data from subcohort and colon carcinoma cases were key entered twice by a research assistant who was blinded with respect to subcohort/ case status to minimize observer bias in coding and interpretation of the data. The current analysis is restricted to cancer incidence in the 7.3-year follow-up from September 1986 to December 1993. Completeness of cancer follow-up was estimated to exceed 96%. After these 7.3 years of follow-up, 807 colon carcinoma cases (388 females and 419 males) were available for analysis, after exclusion of all prevalent cancer cases and cases with in situ carcinoma. All prevalent cancer cases other than skin carcinoma were also excluded from the subcohort, with the result that 3346 subjects (1630 men and 1716 women) remained in this group. For data analysis, the case-cohort approach was used in which cases were derived from the entire cohort and the person-years at risk were estimated from the subcohort.
Assessment of Energy Restriction
The exposure variables have to adequately represent the energy restriction of the subjects in the cohort for the economic depression years (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) (1940) , the war years (1940 -1944) , and the hunger winter (1944 -1945) . Individual food intake data of the cohort members in these periods were not available. Instead, we used proxy variables for the energy restriction in each of these periods. For the economic depression years (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) (1940) , the occupation of the father was the best available proxy variable for energy restriction. Contemporary studies observed that having an unemployed father indicated that the family had less energy to consume and less variation in their food pattern compared with families with an employed father. 19 -22 The exposure variable for the economic depression years was dichotomous: subjects whose father had a job and subjects whose father had no job. For the other two periods, the war period (1940 -1944) and the hunger winter (1944 -1945) , the city of residence during these periods was used to approximate the exposure for energy restriction. Living in a city in 1942 (midpoint year 1940 -1944) with more than 40,000 inhabitants was considered to be an indicator for energy restriction in the war period because of the documented nutritional differences between a city and a rural area. This exposure variable was dichotomous, cohort members living in a city in 1942 or living in a rural area in 1942.
With respect to the hunger winter, three categories were defined, i.e., subjects who lived in a western city, subjects who lived in a western rural area, and subjects who lived in a nonwestern part of The Netherlands. Living in a western city in 1944 -1945 was considered to be an indicator for severe energy restriction. The definition of a famine city (Ͼ 40,000 inhabitants) is based on the definition of a famine city according to the study of Stein et al. 25 The following western cities were determined as famine cities: Amsterdam, Rotterdam, The Hague, Utrecht, Zaandam, Hilversum, Amersfoort, Dordrecht, Vlaardingen/ Schiedam, Delft, and Leiden.
To assess whether the timing at which dietary restriction took place modified the effect of energy restriction on the risk of colon carcinoma, rate ratios of colon carcinoma for energy restriction in each of the three periods were calculated within strata of the adolescent growth spurt (subgroup analyses). In these analyses, subjects were divided into subgroups depending on exposure to energy restriction before, during, or after the adolescent growth spurt. The analyses were conducted for men and women separately. For men, the adolescent growth spurt used in this study was defined as taking place between the ages of 12-15 years. For women, the adolescent growth spurt in this study was defined as 2 years before the reported age at menarche until 1 year after the reported age at menarche. 26 Because the exposure periods are age dependent and of varying duration, it was decided to restrict the relevant time span in the long exposure periods (i.e., 1932-1940 and 1940 -1944) to the years in which the food situation was the worst. For the economic depression period, we selected the years 1933-1934 because the literature regarding this period showed a very poor food situation in the first years of the depression and some improvement in the later years. Therefore, only men and women with the adolescent growth spurt in 1933-1934 were included in the subgroup. For the war period, we selected the years 1942-1943 because they represent the worst years of the prefamine period. 17, 18 
Data Analysis
The distributions of the exposure variables were compared for the colon carcinoma cases and subcohort members, for men and women separately. For the continuous covariates, i.e., age, BMI (kg/m 2 ), baseline alcohol and energy intake, vitamin C intake, beta carotene, height and weight, the mean values of these variables were compared between the exposure categories. Statistical significance of these associations was tested by t tests and analysis of variance. Significance of the association between categorical covariates -such as large bowel carcinoma in the family (yes/no), baseline physical activity (Ͻ 30 minutes per day, 30 -60 minutes per day, 60 -90 minutes per day, Ͼ 90 minutes per day), education (low, medium, high), meat consumption (less than once per week, one to four times a week, more than four times per week), and smoking (never/ever) -and the exposure categories was tested by chi-square test. Baseline recreational physical activity was used as the combination of the number of minutes spent per day on biking/ walking, shopping, walking the dog and the number of hours spent per week on gardening/doing odd jobs, cycling/walking, and sport/gymnastics.
The association between exposure variables and covariates was studied in the subcohort. Covariates associated with colon carcinoma itself or with any of the exposure variables were considered to be potential confounders. In the multivariate analysis, adjustment was made for age, familial large bowel carcinoma, BMI, baseline alcohol and energy intake, recreational physical activity, and education.
Data were analyzed using the case-cohort approach. 27, 28 The cases were derived from the entire cohort and the person-years at risk of the entire cohort were estimated from a random sample of 3500 people (subcohort). Incidence rate ratios (RR) and corresponding 95% confidence intervals (CI) for colon carcinoma were estimated using exponentially distributed failure time regression models from the Stata statistical package. In multivariate analyses, adjustment for covariates was performed. All analyses were carried out with Stata software. 29 Table 1 shows the distributions of the exposure variables for colon carcinoma cases and subcohort members. During the hunger winter, there were proportionally more men and women from the case group living in the nonwestern region compared with the subcohort members. The distribution of women during the war years and the economic depression years was equal for cases and subcohort female members.
RESULTS
In the subcohort, men living in a western rural area in 1944 -1945 were the tallest, had the highest energy intake at baseline, and the lowest BMI compared with men living in a western city in 1944 -1945 and with men living in a nonwestern region. Men living in a western city in 1944 -1945 were more educated than men living in a nonwestern region or a western rural area. Men who lived in a city in 1942 had a lower weight and BMI, a lower energy intake at baseline, and were more educated compared with men who lived in a rural area in 1942 (Table 2) . Table 3 shows that women who lived in a western city in 1944 -1945 had a lower BMI and a lower energy intake at baseline, a higher intake of alcohol at baseline, and were more educated compared with women living in a western rural area or in a nonwestern region. Women who lived in a city in 1942 had a lower weight at age 20 years, had a higher alcohol intake, a lower energy intake at baseline, and were more educated compared with women who lived in a rural area in 1942. Women whose father had no job during the economic depression were younger, shorter, had a lower weight at age 20 years, had a lower energy intake at baseline, and were less educated compared with women whose father had a job during the depression years. Table 4 shows the results of the age-adjusted and multivariate analyses in which adjustment was made for age, familial large bowel carcinoma, BMI, baseline alcohol and energy intake, education, and baseline recreational physical activity. The multivariate analyses showed a small but nonsignificant inverse relation between living in a western city in 1944 -1945 and colon carcinoma risk for men and women separately. The combined analyses for men and women showed that men and women who lived in a western city had an RR of 0.81 (95%CI 0.65-1.01, P ϭ 0.02) compared with men and women living in a nonwestern region (data not shown).
The RR for men living in a western City in 1944 -1945 was 0.85 (95%CI 0.62-1.16) and for women, the RR was 0.80 (95%CI 0.59 -1.09) compared with the reference category. Living in a city in 1942 was not related to colon carcinoma risk. Having a father without a job during the depression years showed a small but nonsignificant decrease in colon carcinoma risk, both for men and women. Subgroup analyses were conducted to evaluate possible effects of the timing of energy restriction. As a consequence of the small number of cases in the "before growth spurt in the hunger winter" subgroup for women and the "before growth spurt in the war years" subgroup for men, the multivariate model did not converge. For these subgroups, we conducted an age-adjusted analysis. In our cohort, none of the men were exposed to the hunger winter before their growth spurt because all the men were older than 12 years at the time of the hunger winter.
Exposure to energy restriction during the adolescent growth spurt (Table 5 ) shows a nonsignificant decreased risk (RR ϭ 0.72, 95% CI ϭ 0.31-1.65) for men living in a western city compared with men living in a nonwestern city. A decreased risk (RR ϭ 0.43, 95% CI ϭ 0.14 -1.33) was also seen for men living in a western rural area compared with men living in a onwestern area during the hunger winter. However, the number of cases is very small and the pattern is inconsistent across the different proxies for energy restriction and across the different subgroups.
Men who were exposed to the hunger winter after their growth spurt showed a decreased risk, both for men living in a western city or in a western rural area (RR ϭ 0.87, RR ϭ 0.77, respectively). Exposure during the adolescent growth spurt shows a small, but non-significant, decreased risk (RR ϭ 0.88, 95% CI ϭ 0.40 -1.96) for women living in a western city during the hunger winter compared with women living in a nonwestern part of the country. For exposure during the war years, there was no difference in risk between women living in a city during their adolescent growth spurt and women living in a rural area. The RR for the women whose father had no job in 1933-1934 and who were in their growth spurt during the depression years showed a decrease in breast carcinoma risk (RR ϭ 0.62, 95% CI ϭ 0.29 -1.31) that was not statistically significant (Table 6 ). Again, the number of cases is quite small.
DISCUSSION
This prospective cohort study found a nonsignificant and weak inverse relation between energy restriction during adolescence and the risk of colon carcinoma, after controlling for potential confounders. Compared with residents in the North and South of The Netherlands who served as controls with almost no exposure to energy restriction, the results showed a nonsignificant decreased colon carcinoma risk for men (RR ϭ 0.85) and women (RR ϭ 0.80) living in a western city. A nonsignificant decreased risk was observed (RR ϭ 0.72) for men living in a western rural area in 1944 -1945 and no difference was observed (RR ϭ 1.09) for women living in a western rural area. With respect to exposure during the remaining years of World War II (1940 -1944) , no differences in colon carcinoma risk were found for men and women who lived in a city (food-restricted area) in 1942 versus men and women who lived in a rural area in 1942. Having an unemployed father during the economic depression was associated with a small, but not significant, decrease in colon carcinoma risk for men (RR ϭ 0.90) and women (RR ϭ 0.75). Results of the subgroup analyses showed an inconsistent pattern across the different proxies for energy restriction, both for men and women.
There are limitations to NLCS. A factor that could have influenced the results is misclassification of food restriction exposure. For ethical and practical reasons, it is difficult to test the childhood nutrition hypothesis in western populations. Three proxy measures of energy restriction were used in this study: the father's employment status of the men and women during the economic depression years, residence during World War II (1940 -1944) , and residence during the hunger winter (1944 -1945) . Surveys have shown that energy intake was associated with father's employment status in 1932-1940, 19 -21 , that the food supply in the cities deteriorated much faster than in the rural area during 1940 -1944, 17, 18 and that starvation in 1944 -1945 was confined mostly to western cities.14 -16 However, we are aware that these ecologic measures are only a proxy measure of individual exposures. Other studies used the same proxy measure for energy restriction in the hunger winter and their results also indicated that the proxy measure for energy restriction in the hunger winter is reasonably adequate. 30, 31 In a previous report on energy restriction and breast carcinoma risk in the NLCS cohort, we asked the female subcohort members during follow-up if they really had experienced hunger during the winter of 1944 -1945. 32 Of the women who reported severe hunger during the hunger winter, 80% lived in a western city during this winter. These results also indicated that the proxy measure for energy restriction in the hunger winter is reasonably adequate. 32 If misclassification is present, it will be nondifferential because of the prospective design of the cohort. The potential for selection bias in the NLCS is low considering the high completeness of cancer followup. In addition, there were no reasons to assume that residual confounding was still present, because all known risk factors for colon carcinoma were measured and controlled for in multivariate analyses.
Energy intake is often related to a higher risk of colon carcinoma in case-control studies. [33] [34] [35] However, results from cohort studies that assessed total energy intake found a slight inverse association between total energy intake and risk of colon carcinoma. 36 -39 These studies were not able to analyze the adolescent diet in relation to subsequent colon carcinoma risk later in life. In the NLCS cohort, no association was found between baseline energy intake and colon carcinoma risk. 40 To our knowledge, no other specific studies of early diet and colon carcinoma risk have been conducted.
Adult anthropometric measures (height, BMI, and sitting height) are often used as a proxy for nutritional status during childhood and adolescence. Russo et al. 41 conducted a case-control study to determine whether body size measurements at different ages were risk factors for colon carcinoma. Study subjects were asked to report their normal adult height and weight, weight at 30 years and at 50 years of age, and perceived body size at 12 years of age. Their study showed a positive association between BMI at various ages and colon carcinomarisk in men and women. Only in women was BMI at middle age unrelated to colon carcinoma risk. Other studies also found a positive association with excessive weight earlier in life, most notably at age 30 years. 42, 43 Most of the studies found a positive association between colon carcinoma and weight in young adults. 42, 44, 45 Giovannucci et al. 46 found a positive relation between adult height and colon carcinoma risk. Adult height might be a proxy of a positive energy balance during childhood and it is correlated with the total length of the colon. These observations agree with the association between body size and human cancer in the large population-based National Health and Nutrition Examination Survey (NHANES) study, suggest-ing that higher levels of energy intake in childhood increase the risk of later development of cancer. These findings provide further evidence that the unfavorable trends in the incidence of colon carcinoma may have its origin in early life. 47 In the NLCS cohort, we found a positive association between height and colon carcinoma risk for women, as well as positive associations between weight, BMI at age 20 years, and BMI change from age 20 years to baseline age (55-60 years) and colon carcinoma risk in men (Ariesen MJ, Dirx MJM, van den Brandt PA, et al.; unpublished data, 2002).
Energy intake, body mass, and physical activity are components of the energy balance. Slattery et al. 48 conducted a case-control study to determine how physical inactivity interacts with other components of energy balance (energy intake and body mass) to affect colon carcinoma risk. They concluded that those who had the most unfavorable energy balance, i.e., those who were physically inactive, had high energy intakes, and a large BMI, were at greatest colon carcinoma risk. Energy balance as a whole seems to be associated with risk of colon carcinoma.
Energy intake, body mass, and physical activity operate at different levels in the etiology of colon carcinoma, but the most plausible explanation that unifies the three has to involve metabolic profiles rather than local influences on colonic epithelium. McKeown-Eyssen 49 proposed that some factors that collectively characterize increased colon carcinoma risk (obesity and a western diet) may plausibly operate through influences on serum triglycerides and insulin resistance. Giovannucci 50 also reported that elevated blood insulin levels promote the growth of colon tumors. Bruce et al. 51 explained that an unfavorable energy balance, due to consumption of excess dietary energy or a sedentary lifestyle, may result in the development of insulin resistance with increased circulation levels of insulin, triglycerides, and nonesterified fatty acids. This occurs when the increased dietary energy increases intravascular energy as carbohydrates and lipids in the bloodstream. 52 The result is that all cells, including colonic epithelial cells, are exposed to increased concentrations of insulin and energy substrates. Increased proliferation and mutation may result from insulin resistance. 53, 54 The results of the current study demonstrated a weak inverse and nonsignificant relation between energy restriction early in life and subsequent colon carcinoma risk later in life. These findings did not appear to confirm or contradict the hypothesis. To study the interaction among physical activity, energy intake, and BMI, more cases are needed. Therefore, a longer follow-up is necessary for the NLCS cohort.
